In this study, we demonstrated that analyzed strains of Vibrio mimicus and Vibrio cholerae could be separated in two groups by using multilocus enzyme electrophoresis (MEE) data from 14 loci. We also showed that the combination of four enzymatic loci enables us to differentiate these two species. Our results showed that the ribosomal intergenic spacer regions PCR-mediated identification system failed, in some cases, to differentiate between V. mimicus and V. cholerae. On the other hand, MEE proved to be a powerful molecular tool for the discrimination of these two species even when atypical strains were analyzed.
Vibrio mimicus is a species closely related to Vibrio cholerae. Phenotypically, most of the features of this organism are identical or similar to those found in V. cholerae, and sucrose fermentation is the main trait differentiating them biochemically (10, 11) . They share somatic antigens and virulence-related genes and are associated with sporadic and epidemic cholera diarrhea (4, 10, 15) . Both species are natural inhabitants of aquatic environments, such as seawater, freshwater, and brackish water. They may constitute the microbiota of zooplankton, crustaceans, and filter-feeding molluscs but are recognized mainly as human pathogens (6, 9) .
In 1991 a large cholera outbreak started in Latin America, and the etiological agent was V. cholerae O1 biotype El Tor. Interestingly, during this epidemic, cases of severe diarrhea associated with the presence of V. mimicus were reported in Costa Rica (5) . At the same time, in French Guyana and in the northern part of the Brazilian Amazon region, a sucrose-negative variant of V. cholerae was identified in most of the cholera cases reported (8) . Therefore, the emergence of V. mimicus as a pathogen and its coexistence with non-sucrose-fermenting V. cholerae isolates highlight the necessity for precise discrimination between these two species.
After the characterization of V. mimicus as a new pathogenic species, only a few attempts to identify it on a molecular basis have been reported. One of these previous studies applied multilocus enzyme electrophoresis (MEE) to characterize V. cholerae strains, and the results suggested the possibility of using this approach to differentiate V. cholerae from V. mimicus (13). Chun et al. (7) recently developed a PCR-mediated identification system based on the analysis of nucleotide sequences of 16S-23S ribosomal intergenic spacer regions (ISR) that would be useful in distinguishing between these two species. However, it is important to observe that in both studies only a limited number of V. mimicus strains were considered, since V. cholerae was the main interest.
Reported here are the results of an analysis by MEE of V. mimicus isolates from distinct sources and geographic regions. Using these data, we determined the genetic variation within this species and the relationship between V. mimicus and V. cholerae. In addition, we evaluated the efficiency of the ISR-PCR approach in the separation of these two closely related species.
The strains used in the study are described in Table 1 . We used routine bacteriological procedures for Vibrio identification as described previously (6, 18) . The environmental Brazilian isolates of V. mimicus were also characterized biochemically using the API 20E system (BioMérieux Vitek, Inc., Hazelwood, Mo.) (6) . The biochemical characterization of the isolates showed different possible API 20E profile numbers (Table 1) . MEE was performed as described by Salles and Momen (13 9 ), glucose-6-phosphate dehydrogenase (EC, 1.1.1.49), proline dipeptidase (EC 3.4.13.9), leucylleucyl peptidase (EC 3.4.11), leucylalanine peptidase (EC 3.4.11.1), and leucine aminopeptidase (LAP; EC 3.4.1.1). The distinctive electromorphs (mobility variants) of each enzyme were numbered in order of increasing rate of anodal migration and were equated with alleles at corresponding structural gene loci, and strains having identical allelic profiles for all 14 loci were designated as a zymovar. The numerical analysis was performed using the NTSYS-pc software package (F. James Rohlf, version 1.7, Exeter Software, Setauket, N.Y.). The Jaccard coefficient (16) was used to determine the relationships between the zymovars. The similarity matrix was transformed into a dendrogram by the unweighted pair group method with arithmetic averages (UPGMA). Cophenetic correlation coefficients were determined (16) to assess the agreement between similarity values implied by the phenogram and those of the original similarity matrix. Genetic diversity was estimated as described by Selander et al. (14) .
The PCR conditions and primers were described by Chun et al. (7) . All strains listed in Table 1 were screened by PCR with two primers, prVC-F and VCM-R, under high-stringency conditions. Identical bands of 295-to 310-bp ISR amplicon were detected by 1.5% agarose gel electrophoresis and visualized by UV transillumination after being stained with ethidium bromide.
Genetic information derived from MEE can be used to differentiate closely related organisms. Several studies (1, 19) have shown that MEE data support the taxonomic groups that have been proposed on the basis of DNA relatedness, a method considered the standard reference technique in bacterial species classification (17). Salles and Momen (13) have shown that the MEE method can have an application in the differentiation of V. mimicus from V. cholerae; however, in their work only five strains of V. mimicus were analyzed. In this study, we examined 26 strains of V. mimicus by this method. All 14 enzymatic loci assayed were polymorphic among the Vibrio strains tested. The allelic profiles of the Vibrio strains and the distribution of the strains into zymovars are given in Table 2 . The relationships of the zymovars are shown in a dendrogram (Jaccard/UPGMA) and are supported by a high cophenetic correlation (r ϭ 0.88) (Fig. 1) . There was no sharing of zymovars among the species studied. The zymovars were distributed into two major groups (I and II) at the 0.158 SJ level, corresponding to V. cholerae and V. mimicus, respectively. The V. cholerae group consists of 13 representative zymovars, some of which were reported earlier (13). We also established that although the 14 enzymatic loci were effective in separating these related species, specific combinations of 4 enzymatic loci are enough to differentiate V. mimicus from V. cholerae. The IDH, NSE, GPI, and LAP loci showed characteristic alleles for the different species studied (Table 2) . Some alleles for GPI, NSE, and LAP only found in V. mimicus strains in this study were also found within the 135 zymovars of V. cholerae (unpublished data). The NSE-3 was a rare allele found only in one zymovar of V. cholerae. GPI-4 and LAP-3 were found in three and six zymovars of the V. cholerae respectively. IDH-2 and IDH-3 were found only in three zymovars of V. cholerae. Therefore, the diagnostic value of the combinations of these loci can be very useful in ecological, clinical, and epidemiological studies.
The differentiation of these two species has been based largely on the inability of V. mimicus to ferment sucrose. Phenotypic studies have reported other tests, such as the VogesProskauer reaction, lipase production (corn oil), Jordan tartrate test, and polymyxin sensitivity (10, 18) , to be of limited value in distinguishing between these two species. Desmarchelier and Reichelt (11) analyzed sucrose-negative strains by DNA relatedness and determined that they belonged to the V. cholerae species. Seven of these strains possessed traits described for V. cholerae, not considering sucrose fermentation, and two strains were phenotypically closely related to V. mimicus. Therefore, sucrose-negative strains of V. cholerae might be misidentified as V. mimicus; interestingly, in 1995 an outbreak of a pathogenic sucrose-negative O1 toxigenic variant of V. cholerae was detected in the Amazon region (8) .
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identification of V. mimicus strains and suggested some complementary tests for use in conjunction.
According to MEE data, V. mimicus is a heterogeneous genetic group of microorganisms. The mean genetic diversity per locus was 0.431, comparable to the value of 0.436 found by Beltran et al. (2) for V. cholerae strains. These degrees of variation were less than the 0.52 reported for the Escherichia coli reference collection (12) . Our analysis of clinical and environmental isolates of V. mimicus revealed that the environmental Japanese strains subgrouped at the 0.45 SJ level (Fig.  1) . The great genetic variability of clinical strains of V. mimicus from different geographic regions had been also reported by Bi et al. (3) , using arbitrarily primed PCR.
The ISR-PCR identification system was proposed to distinguish V. cholerae from V. mimicus. However, our results show that the V. cholerae diagnostic amplicon is present in 11% of V. mimicus isolates, among them 339, 602, and the biochemically atypical 535. The genetic diversity found within these species led us to believe that it is necessary to have a representative sample of strains to evaluate any identification system.
In conclusion, the MEE method has provided an accurate molecular approach for differentiation between V. cholerae and V. mimicus that is particularly useful for the identification of atypical and environmental samples. 
